In Montel and Lambaré (2011), we put in evidence the pitfalls when using angle domain common-image gathers (ADCIGs) for velocity model building and the ways to solve for them. Using non-linear slope tomography, we show here through a complex synthetic example the critical role of a good understanding of the kinematic observed in the ADCIGs. We show what happens when handling things the "wrong" and the "right" way to get a good quantitative idea of the improvement we can expect from an accurate theoretical analysis of the kinematics of ADCIGs.
Introduction
Reverse time migration (RTM), has drastically increased our capability to image complex structures (Zhang and Sun, 2009) . With this evolution it was necessary to generate Common Image Gathers (CIGs) from RTM in order to insure the consistency of the Migration Velocity Analysis process. Xu et al. (2011) have proposed and developed a method to generate 3D angle domain CIGs (ADCIGs) in common shot RTM, which has been applied to WAZ data processing in the Gulf of Mexico (Huang et al., 2010) . Montel and Lambaré (2011) studied the kinematic behavior of such RTM ADCIGs emphasizing the comparison with Kirchhoff ADCIGs (Xu et al., 2001) , and the specificities of the tracing of the tomographic ray pairs in both cases. Here we address the use of such RTM and Kirchhoff ADCIGs for velocity model building. As velocity model updating tool we consider non-linear slope tomography (Guillaume et al., 2008) , that as a non-linear process allows to optimally convert kinematic information into a velocity model. In the present paper, we first recall non-linear slope tomography emphasizing the concept of kinematic invariants, and the way they can be obtained by kinematic demigration of pre-stack time or depth migrated results (Lambaré et al., 2007; Guillaume et al., 2008) . We then discuss the specificities of kinematic demigration from Kirchhoff and RTM ADCIGs summarizing results presented in Montel and Lambaré (2011) . Finally we show how the kinematic demigration method derived from this kinematic analysis of the ADCIGs manages to correct for the errors introduced by a conventional use of ADCIGs in velocity model building.
Non-linear slope tomography
Non-linear slope tomography is a powerful tomography tool which uses kinematic characteristics of locally coherent events in the un-migrated domain (see Lambaré (2008) for a review). This information consists of source and receiver positions, travel time and its local derivatives in the directions of the acquisition. Even if this kinematic information is in the un-migrated domain, it is most commonly picked in the prestack migrated domain, where the signal to noise ratio is higher. In this case the dip and residual move out (RMO) information are cinematically demigrated (Lambaré et al., 2007; Guillaume et al., 2008) . Since the migration and demigration operations use the same velocity model, the demigrated parameters do not depend on the velocity model anymore and are called kinematic invariants.
Kinematic demigration from ADCIGs
Computation of kinematic invariants by kinematic demigration has been widely studied specially for the cases of common shot and common offset Kirchhoff migration (Chauris et al., 2002; Nguyen et al., 2008) . However up to recently, kinematic demigration of ADCIG had not been rigorously addressed and there was a general agreement that with Kirchhoff or RTM ADCIGs (Jousselin et al., 2009; Huang et al., 2010 ): 1. The tomographic ray pairs are fully defined by their initial shoot angles, which are the reflection angle, the azimuth angle and the reflector dip angles; 2. If the velocity model is correctly updated down to a given horizon, it is not necessary to shoot the tomographic ray pairs upwards through this horizon. In this context the work by Montel and Lambaré (2011) has been an important theoretical contribution. They demonstrated with a canonical example and a theoretical analyse of ADCIGs from Kirchhoff (Xu et al., 2001 ) and RTM (Xu et al., 2011) migrations that when the velocity model contains significant errors: 1. Their ADCIGs do not exhibit the same curvature; 2. In a layer striping approach it is still necessary to shoot the tomographic rays (at least for the source side in angle domain RTM) up to the acquisition surface even if the velocity model is exact in the upper layers. Tomographic rays traced directly from the dips (as in shot or offset domain Kirchhoff migration), and reflection and azimuth angles, are only valid when the hypothesis of small RMO is applicable. For more accurate kinematic demigration, it requires to be traced with the additional information of the slope of the RMO and a non-linear optimization step. Accurate kinematic demigration algorithms for Kirchhoff and RTM ADCIGs can be built following Montel and Lambaré (2011) . We use one in the following synthetic test emphasizing their relevance but also their pitfalls when use for an improper case, i.e. for example RTM ADCIGs demigrated as Kirchhoff ADCIGs.
Non-linear slope tomography from RTM and Kirchhoff angle domain common-image gathers Figure 1: Red lines on RTM (on the left) as reference are repeated on Kirchhoff CIGs (on the right) to show us the difference in curvature.

Application to a synthetic dataset
As synthetic dataset we use a 2D dataset computed by acoustic ray+Born modeling on the Marmousi 2 model (Martin et al., 2006) . The background model is a smooth version of the exact model low pass filtered to 240 m. This dataset was first migrated both by angle domain RTM and Kirchhoff migration for a background velocity model uniformly decreased by 10% below the water bottom. Figure 1 shows some ADCIGs obtained by RTM and Kirchhoff migration. We see the significant difference of curvature that had already been pointed out by Montel and Lambaré (2011) . Dip and RMO picking (Liu and Han, 2010) can be done on these two sets of ADCIGs (Figure 2 A1 and A2 and Figure 3 D1 and D2, for RTM and Kirchhoff migration, respectively). Specific kinematic demigrations can be applied to the dip and RMO information using approach described in Montel and Lambaré (2011) resulting into two sets of kinematic invariants. We performed non-linear slope tomography (Guillaume et al., 2008) for these both kinematic invariants sets starting from a homogeneous velocity model at 2000m/s. RTM and Kirchhoff angle domain PreSDM can be performed with the updated velocity models. Figure 2 B1 and B2 and Figure 3 E1 and E2, show the migration stacks and associated ADCIGs for RTM and Kirchhoff migration, respectively. For both cases ADCIGs have been flatten through the one-path non-linear slope tomographic process. This demonstrates the accuracy of the kinematic demigration process proposed in Montel and Lambaré (2011) . Note that it involves a non-linear joint optimization of the tomographic rays and of the misfit of slopes at the surface.
Another interesting test that we have done is to see what happens in terms of velocity update when RTM ADCIGs are kinematically demigrated using a Kirchhoff ADCIG demigration process and vice-versa. As expected when looking at the difference in curvature between RTM ADCIGs and Kirchhoff ADCIGs ( 
Conclusion
We have shown in this paper that non-linear slope tomography could be fed from dip and RMO picked on RTM and Kirchhoff angle domain PreSDM, as soon as the proper kinematic demigration scheme is used. Note also that even if Kirchhoff and RTM ADCIGs do not exhibit the same curvature they do not exhibit opposite curvatures. Then iterative loops of conventional linearized tomography should also converge reasonably but with a slower convergence. 
